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Abstract: Aberrant expression of oncogenes and/or tumor suppressors play a fundamental 

effect on the pathogenesis and tumorigenicity of cervical cancer (CC). B-cell CLL/lymphoma 3 

(BCL3) was previously found to be a putative proto-oncogene in human cancers and regulated 

signal transducer and activator of transcription 3 (STAT3), a critical oncogene, in CC cell line. 

However, its expression status, clinical significance and biological functions in CC remain 

largely unclear. The expressions of BCL3 and STAT3 in CC specimens were determined by 

immunohistochemistry. MTT, colony formation assays and flow cytometry analysis were carried 

out to test proliferation and cell cycle of CC cells. Here, the levels of BCL3 were overexpressed 

in CC compared to adjacent cervical tissues. Furthermore, high levels of BCL3 protein were 

confirmed by immunoblotting in CC cells as compared with normal cervical epithelial cells. 

The positive expression of BCL3 was correlated with adverse prognostic features and reduced 

survival rate. In addition, BCL3 regulated STAT3 abundance in CC cells. STAT3 was found 

to be upregulated and positively correlated with BCL3 expression in CC specimens. BCL3 

overexpression resulted in prominent increased proliferation and cell cycle progression in 

Hela cells. By contrast, inhibition of BCL3 in CaSki cells remarkably suppressed proliferative 

ability and cell cycle progression. In vivo studies showed that knockdown of BCL3 inhibited 

tumor growth of CC in mice xenograft model. Notably, we confirmed that STAT3 mediated the 

oncogenic roles of BCL3 in CC. In conclusion, we suggest that BCL3 serves as an oncogene in 

CC by modulating proliferation and cell cycle progression, and its oncogenic effect is mediated 

by its downstream target gene, STAT3.

Keywords: B-cell CLL/lymphoma 3, cervical carcinoma, cell proliferation, cell cycle, signal 

transducer and activator of transcription 3

Introduction
Cervical cancer (CC), a highly malignant cancer, ranks the third commonest female 

cancer, causing around 200,000 deaths every year all over the world.1 Currently, 

surgical resection, chemotherapy and radiotherapy are the therapeutic options for CC 

patients.2 Furthermore, some chemical compounds were recently used as alternative 

therapies for CC patients.3–5 Yet, the current prognosis of CC patients is still poor, and 

the molecular mechanisms underlying CC pathogenesis remain largely unknown.

Numerous studies have confirmed that oncogenes and/or tumor suppressors act as 

critical regulators in various cellular processes,6,7 including cell proliferation, apoptosis, 

differentiation and movements. Moreover, emerging studies have demonstrated that 

dysregulation of oncogenes and/or tumor suppressors modulates several signaling 

pathways in cancer cells and they were actively implicated in the initiation of human 

cancers including CC.8–10 Oncogenes and/or tumor suppressors have been regarded as 

attractive therapeutic targets and promising biomarkers for human malignancies.11,12
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B-cell CLL/lymphoma 3 (BCL3) is an atypical member 

of the IkB family and can bind NF-κB homodimeric com-

plexes of p50 or p52, which switches the transcriptional 

properties of the homodimers from a repressive to an acti-

vating state.13,14 The mRNA and protein levels of BCL3 

have been reported to be overexpressed in breast cancer,13,15 

nasopharyngeal carcinoma,16 endometrial cancer,17 hepato-

cellular carcinoma18 and colorectal cancer.19 Functionally, 

BCL3 was found to regulate the colony formation and cell 

cycle progression by regulating ubiquitination-mediated 

degradation of c-Myc in colorectal cancer.20 Recently, 

Tu et al reported that BCL3 promotes tumor growth of 

hepatocellular carcinoma by regulating cell proliferation and 

cell cycle proceeding through cyclin D1.18 Previous study 

demonstrated that STAT3, an important oncogene in human 

cancers, was a bona fide target of BCL3 in CC cell line.21 

However, the status of BCL3 and its exact roles in CC have 

not been investigated.

Here, BCL3 was found to be overexpressed in CC. 

Increased BCL3 level conferred adverse clinical parameters 

and reduced survival rate of CC patients. Moreover, BCL3 

promoted proliferation and cell cycle progression. Notably, 

STAT3 was recognized as a direct functional mediator of 

BCL3 in CC.

Materials and methods
CC specimens and cell culture
Sixty pairs of CC and matched normal adjacent cervical 

tissues were collected from The Second Affiliated Hospital 

of Zhengzhou University. Diagnoses were confirmed by 

pathologist. None of the patients received preoperative 

immunotherapy, chemotherapy, hormone therapy or radio-

therapy. These clinical samples were fixed by 10% formalin 

and embedded with paraffin after surgical resection. Written 

informed consent was obtained from every patient included 

in this study. The clinical stage and histological grade were 

based on 2014 International Federation of Gynecology and 

Obstetrics (FIGO) staging classification.22 The demographic 

and clinical information of 60 patients are shown in Table 1. 

This study and the protocols involving clinical tissues in this 

study were approved by the Ethics Review Committee of 

Zhengzhou University.

Four CC-derived cell lines (Hela, SW756, CaSki and 

ME-180 cells) were obtained from American Type Culture 

Collection (Manassas, VA, USA), and the human normal 

cervical epithelial cells were bought from CHI Scientific, Inc 

(Maynard, MA, USA). All cells were cultured in Dulbecco’s 

Modified Eagle’s Medium (HyClone, Logan, UT, USA) 

along with fetal bovine serum (10%) (HyClone), 100 U/mL 

penicillin and 100 μg/mL streptomycin (Sigma, St Louis, 

MO, USA). Cell cultures were kept in an incubator contain-

ing 5% CO
2
 and humidified atmosphere at 37°C.

Immunohistochemistry
Before immunohistochemistry (IHC) staining, tissue samples 

were fixed with 10% formalin and embedded with paraf-

fin. Then, the embedded tissues were cut into 4 μm thick 

sections. IHC staining was performed to evaluate the expres-

sion levels of BCL3 (sc-185; Santa Cruz Biotechnology, 

Santa Cruz, CA, USA) and STAT3 (#9139; Cell Signaling 

Technology, Boston, MA, USA) in tissue samples following 

standard protocols. The percentage of positive staining cells 

was graded as per the following criteria: 0, less than 10%; 

1, 10%–30%; 2, 31%–50%; 3, more than 50%.

Cell transfection
BCL3 shRNA (sc-29789-SH) and corresponding non- 

targeting (NT) shRNA (sc-108060) were obtained from 

Santa Cruz Biotechnology. shRNAs transfection was per-

formed using plasmid transfection reagent (sc-108061; 

Santa Cruz Biotechnology). Retroviral vectors pMMP-BCL3 

and pMMP-STAT3 were generated by inserting the cDNA 

Table 1 Clinical correlations of BCL3 expression in cervical 
carcinoma

Features BCL3 expression P-value

Positive
(n=37)

Negative
(n=23)

Age (years) 0.656
50 15 8
50 22 15

SCC-Ag (ng/mL) 0.872
1.5 25 16
1.5 12 7

Histology 0.362
Adenocarcinoma 2 3
Squamous 35 20

FIGO stage 0.023*
I + II 13 15
III + IV 24 8

Tumor size (cm) 0.020*
4 6 10
4 31 13

Preoperative metastasis# 0.082
Absent 14 14
Present 23 9

Notes: *Statistically significant. #Preoperative metastasis indicates preoperative 
local lymphatic metastasis and distant metastasis.
Abbreviations: SCC-Ag, squamous cell carcinoma-related antigen; FIGO, Inter
national Federation of Gynecology and Obstetrics.
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into pMMP. Retrovirus packaging and transduction were 

described previously.23

MTT and colony formation assays
For cell viability, CC cells (4×103) were seeded into 96-well 

plates and stained with sterile MTT (Sigma) for 4 h at 37°C, 

following which the culture medium was discarded and an 

extra 150 µL dimethyl sulfoxide (Sigma) was then added into 

each well. At 24, 48 and 72 h after transfection, the absor-

bance at 490 nm was examined. Regarding colony formation 

assay, CC cells were seeded on 6-well plates. Two weeks 

after cell seeding, the colonies were stained with 1% crystal 

violet (MCE China, Shanghai, People’s Republic of China) 

and the number of colonies was counted.

Cell cycle assay
At 48 hours after transfection, CC cells were collected with 

trypsin and fixed overnight at 4°C using 80% ethanol. CC cells 

were then incubated with propidium iodide (Sigma) for 20 min. 

Then, flow cytometry assays for CC cells were performed with 

a FACSCalibur (BD Biosciences, Bedford, MA, USA).

Western blot
Cell proteins were collected with RIPA lysis buffer (Santa Cruz 

Biotechnology), and 40 µg protein was subjected to 4%–20% 

sodium dodecyl sulfate gel electrophoresis (Sigma) and was 

then transferred to polyvinylidene fluoride membranes (Roche, 

Indianapolis, IN, USA). Then, 5% skimmed milk (Shanghai 

Haoran Bio Technologies Co., Ltd., Shanghai, People’s 

Republic of China)-blocked membranes were incubated 

with BCL3 (Santa Cruz Biotechnology) and STAT3 (Cell 

Signaling Technology) antibodies, respectively, and subse-

quently incubated with matched secondary antibodies (#7074 

and #7076; Cell Signaling Technology). Then, signals for each 

protein expression were detected with the Bio-Rad Gel imaging 

system (Bio-Rad, Hercules, CA, USA). GAPDH (#5174; Cell 

Signaling Technology) was used as a loading control.

In vivo experiments
The subcutaneous tumor formation experiments were per-

formed in nude mice. In all, 5×106 CaSki cells with BCL3 

knockdown or control cells were suspended in phosphate-

buffered saline and were implanted into the back of mice via 

subcutaneous injection. Tumor volume was measured with 

calipers every 3 days. Tumor volume was calculated with 

volume = length × width × width/2. The protocols of in vivo 

experiments were approved by the Institutional Animal Care 

and Use Committee of Zhengzhou University.

Statistical analysis
All data were collected and shown as mean ± standard error. 

Statistical analyses including Pearson chi-squared test, two-

tailed Student’s t-test, analysis of variance, Kaplan–Meier 

survival analysis, log-rank test and Spearman’s correlation 

analysis were performed with GraphPad Prism 5 software 

(GraphPad Software, Inc, San Diego, CA, USA). P0.05 

was considered to be statistically different.

Results
The expression of BCL3 was increased 
in CC
IHC was initially performed to detect BCL3 expression in 

tumor and matched non-tumor tissues. Compared with that 

in noncancerous tissues, the level of BCL3 was significantly 

upregulated in CC tissues (P0.05, Figures 1 and 2A). Fur-

thermore, our data explored that BCL3 expressions in four 

CC cell lines (Hela, SW756, CaSki and ME-180 cells) were 

evidently increased compared to normal cervical epithelial 

cells (P0.05, Figure 2B). These data indicate that increased 

level of BCL3 probably contributes to the initiation and 

development of CC.

Increased BCL3 level confers poor 
clinical parameters and prognosis of 
CC patients
After confirming the overexpression of BCL3 in CC, we 

disclosed the clinical significance and prognostic value of 

BCL3 expression. BCL3 staining was considered as positive 

expression in 37 cases of CC according to IHC scores (1). 

As shown in Table 1, the positive expression of BCL3 in CC 

patients was correlated with large tumor size (P=0.020) and 

advanced FIGO stage (P=0.023). Then, we investigated the 

predicting value of BCL3 for the prognosis of CC patients. 

Compared with those with negative expression of BCL3, 

patients who showed positive expression of BCL3 had sig-

nificant reduced overall survival (OS) (P=0.0051, Figure 2C) 

and progression-free survival (PFS) (P=0.0283, Figure 2D). 

These indicate that BCL3 can potentially act as a biomarker 

and a prognostic indicator for CC.

BCL3 positively regulates STAT3 
abundance in CC
Previous study demonstrated that STAT3, an important 

oncogene in human cancer, was a bona fide target of BCL3 in 

CC cell line.21 Hela cells showed the lowest level, while CaSki 

cells presented the highest level of BCL3 expression. Thus, 

Hela and CaSki cells were used for gain- and loss-of-function 
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Figure 1 Representative immunostaining of BCL3 in CC and adjacent cervical tissues. (A) Strong, (B) medium and (C) weak staining of BCL3 in CC tissues. (D) Negative 
staining of BCL3 in normal adjacent cervical tissues. Scale bars: 50 μm.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; CC, cervical cancer.

experiments. CaSki cells were transduced with NT shRNA 

and BCL3 shRNA and were subjected to immunoblotting 

for BCL3 and STAT3 expression, respectively. As expected, 

BCL3 knockdown significantly reduced STAT3 expression 

in vitro (P0.05, Figure 3A). By contrast, BCL3 overex-

pression resulted in an obvious increase of STAT3 protein 

expression in Hela cells (P0.05, Figure 3B). Furthermore, 

IHC was performed to detect the expression of STAT3 in CC 

specimens. The expression of STAT3 was prominently overex-

pressed in CC compared to adjacent cervical tissues (P0.05, 

Figure 3C). Notably, Spearman’s correlation analysis indicated 

that BCL3 was positively correlated with STAT3 expression 

in CC specimens (r=0.734, P=0.012, Figures 3D and 4).

BCL3 promotes CC cell proliferation 
and cell cycle progression
Next, we disclosed the exact roles of BCL3 in CC cells. 

Since increased proliferation, aberrant cell cycle progression 

and reduced apoptosis were well-recognized hallmarks of 

human cancer, we examined whether BCL3 regulated these 

biological processes of CC cells. Infection of BCL3 retro-

viruses led to a significant increase of cell viability in Hela 

cells (P0.05, Figure 5A). Subsequently, the proliferative 

ability of Hela cells was enhanced after BCL3 overexpres-

sion as suggested by colony formation assays (P0.05, 

Figure 5B). Meanwhile, BCL3 overexpression facilitated cell 

cycle progression in Hela cells (P0.05, Figure 5C). On the 
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other hand, transfection of BCL3 shRNA led to a significant 

decrease of STAT3 level (P0.05, Figure 6A). Functionally, 

BCL3 knockdown inhibited CaSki cell viability, proliferation 

and cell cycle progression (P0.05, Figure 6B–D). Further-

more, a subcutaneous tumor formation model was used to 

investigate whether BCL3 could affect the growth of CC 

cells in mice xenograft model. As shown in Figure 6E, BCL3 

knockdown significantly reduced tumor growth of CC in mice 

(P0.05). Thus, BCL3 facilitates CC growth by promoting 

proliferation and cell cycle progression.

STAT3 is a functional mediator of BCL3
Since STAT3 was recognized as a downstream target of 

BCL3 in CC, we further investigated if STAT3 mediated the 

functions of BCL3. STAT3 retroviruses were employed for 

STAT3 overexpression in CaSki cells with BCL3 silencing. 

STAT3 retroviruses significantly increased the expression 

of STAT3 in CaSki cells with BCL3 knockdown (P0.05, 

Figure 6A). Notably, STAT3 restoration abolished the tumor 

suppressive effects of BCL3 shRNA on CaSki cells with 

increased cell proliferation (P0.05, Figure 6B and C) and 

cell cycle progression (P0.05, Figure 6D). Our data indicate 

that STAT3 mediates the functions of BCL3 in CC cells.

Discussion
Increasing evidence confirms that oncogenes play critical 

roles  in the progression of human malignancies including 

CC.24,25 Functionally, oncogenes were found to modulate the 

Figure 2 Prognostic significance of BCL3 in CC. The expression differences of BCL3 between (A) CC tissues and normal adjacent cervical tissues, (B) four different CC cell 
lines (Hela, SW756, CaSki, ME-180 cells) and human normal cervical epithelial cells (NC). n=3, *P0.05, **P0.01. Compared with those with negative expression of BCL3, 
patients with positive expression of BCL3 had a significant shorter (C) overall survival and (D) progression-free survival.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; CC, cervical cancer; NC, normal cervical epithelial cells; IHC, immunohistochemistry.
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Figure 3 BCL3 regulates the abundance of STAT3 in CC. (A) CaSki cells that were transfected with NT shRNA and BCL3 shRNA were subjected to immunoblotting 
for BCL3 and STAT3 expression, respectively. BCL3 knockdown significantly reduced STAT3 expression. n=3, **P0.01. (B) BCL3 overexpression resulted in an obvious 
upregulation of STAT3 protein. n=3, **P0.01. (C) The expression of STAT3 was prominently higher in CC than that in adjacent cervical tissues. (D) A positive correlation 
between the expression level of BCL3 and that of STAT3 was observed in CC tissues.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; CC, cervical cancer; EV, empty vector; IHC, immunohistochemistry; NT, non-targeting.

proliferation, apoptosis and metastasis of CC cells.8,26 More-

over, oncogenes were proposed as novel biomarkers and thera-

peutic targets for CC.27 Therefore, elucidation of the expression 

level, clinical significance and biological function of specific 

oncogenes in CC will greatly contribute to the diagnosis and 

treatment of CC. Overexpression of BCL3 was observed in 

CC specimens and cells, and the positive expression of BCL3 

in CC was directly correlated with adverse clinical features 

including large tumor size and advanced FIGO stage. Impor-

tantly, we suggested that the positive expression of BCL3 

conferred a reduced OS and PFS of CC patients. Therefore, 

these data in this study demonstrate that BCL3 can act as a 

promising biomarker and a prognostic indicator for CC.

BCL3, a well-known proto-oncogene, is deregulated 

in solid malignancies and exerts an oncogenic role by 

regulating proliferation and cell death.21 Study of breast 

cancer confirmed that BCL3-dependent stabilization of 

CtBP1 was crucial for the inhibition of apoptosis and tumor 

progression.28 Moreover, BCL3 promoted the proliferation 

of ovarian cancer cells.29 In this study, in vitro experiments 

confirmed that BCL3 promoted the proliferative ability and 

cell cycle progression of CC cells. Moreover, in vivo experi-

ments showed that BCL3 knockdown could inhibit tumor 

growth of CC in nude mice. Therefore, this study confirms 

that BCL3 promotes tumor growth of CC by modulating 

proliferation and cell cycle progression.
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STAT3, an important oncogene in human cancer, was 

found to be overexpressed in cancers.30–32 Previous study 

showed that STAT3 was upregulated in CC and promoted 

tumor growth, invasion and metastasis.33 Furthermore, 

microRNA-551-3p contributed to resistance to apoptosis 

and increased survival and proliferation of ovarian cancer 

cells by activating STAT3 transcription.34 A  recent study 

demonstrated that STAT3, an important oncogene in human 

cancer, was a bona fide target of BCL3 in CC cell line.21 In 

this study, BCL3 regulated the protein level of STAT3 in CC 

cells. Moreover, a positive correlation between BCL3 and 

STAT3 expression was observed in CC specimens. These 

data further demonstrate that STAT3 is a downstream target 

of BCL3 in CC. Notably, STAT3 restoration could abrogate 

the influence of BCL3 shRNA on proliferation and the pro-

cess of cell cycle in CC cells. Therefore, these results indicate 

that STAT3 serves as not only a downstream target but also 

a functional mediator of BCL3.

In all, we present that BCL3 is overexpressed in CC 

and its positive expression is correlated with poor clinical 

parameters and survival. BCL3 promotes tumor growth of 

CC by regulating proliferative ability and the process of cell 

cycle. Mechanistically, this study finds that BCL3 functions 

as an oncogenic factor by activating STAT3. Taken together, 

BCL3 may serve as a clinical indicator and a drug target for 

CC patients.

Figure 4 BCL3 is positively correlated with STAT3 in CC cases. Representative immunohistochemical staining showed strong staining of STAT3 (C) in BCL3 positive-
expressing tumor (A) and weak staining of STAT3 (D) in BCL3 negative-expressing tumor (B). Scale bars: 50 μm.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; CC, cervical cancer.
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Figure 5 BCL3 overexpression results in increased cell ability, colony formation and cell cycle progression in Hela cells. (A) MTT assays indicated that Hela cell viability was 
enhanced after BCL3 overexpression. n=3, **P0.01. (B) The colony numbers of Hela cells were evidently increased after BCL3 overexpression. n=3, *P0.05. (C) Cell 
cycle progression was significantly promoted after BCL3 overexpression. n=3, *P0.05.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; EV, empty vector; OD, optical density.
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Figure 6 STAT3 mediates the roles of BCL3 in CC cells. (A) Western blot analyses confirmed that STAT3 expression was restored by STAT3 retroviruses in BCL3-silenced 
CaSki cells. n=3, *P0.05, **P0.01. (B) BCL3 knockdown significantly reduced cell viability of CaSki cells, while STAT3 restoration evidently enhanced cell viability. n=3, 
**P0.01. (C) The colony numbers of CaSki cells were prominently reduced after BCL3 knockdown, while STAT3 restoration abolished the effect of BCL3 knockdown. n=3, 
*P0.05, **P0.01. (D) BCL3 knockdown led to G1 phase arrest in CaSki cells, while STAT3 restoration facilitated cell cycle progression. n=3, *P0.05. (E) Tumor growth 
curve indicated that BCL3 knockdown significantly slowed down the tumor growth of CaSki cells in mice. n=5, *P0.05, **P0.01.
Abbreviations: BCL3, B-cell CLL/lymphoma 3; CC, cervical cancer; NT, non-targeting; OD, optical density.
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Conclusion
Overall, we suggest that overexpression of BCL3 contributes 

to the progression of CC, potentially promoting cell prolifera-

tion and cell cycle proceeding by activating STAT3, and we 

infer that BCL3 may function as a clinical biomarker and a 

therapeutic target for CC, as well.
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